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(54) Title: CONNECTOR ASSEMBLY 
(57) Abstract 

A connector assembly includes first and second fittings and first and second 
membrane assemblies. Each fitting defines a respective aperture. Each membrane 
assembly has a layer sealing the aperture and a removable contamination containment 
layer overlying a respective scaling layer. The first and second fittings may be resiliently 
coupled in biased opposition to urge positive contact between the first and second 
removable contomination containment layers and/or the first and second scaling layers. 
In one application, a connector assembly according to the invention may define a fluid 
communication path for handling a fluid without allowing the level of contaminants in 
the fluid to increase. A connector assembly according to the invention may be used 
to handle a biological fluid while maintaining the fluid free of viable contaminating 
microorganisms or preserving its sterility, for exemple. 
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Connector Assemhly 

This application is a continuation-in-pan application of PCT Application No. 
PCT/US93/09450 fUed October 1, 1993 which is a continuation-in-part of United States 
Patent Application Serial No. 07/956,854 filed October 2, 1992. 

Field of the Tnventinti 

The present invention relates to a connector assembly. More particularly, the 
invention relates to a connector assembly which maintains the sterility of a fiuid, for 
example, a biological fluid, which passes through the connector assembly. 

Backgroun d of the Inventinn 

Connector assemblies have been developed to handle fluids, e.g.. biological 
fluids, while preserving their condition. More particularly, connectors have been 
developed to preserve the condition of a fluid, or maintain a fluid free of contaminants. 
Freedom from contaminants refers to a relative amount of contaminants and is variously 
defined acconling to a specific indusny, fluid and/or intended use. For example, a 
biological fluid which is substantially fiee of contaminants is considered ftee of viable 
micKhorganisms, and is typically refen»d to as "sterile". Connector assemblies for use 
witii biological fluids, for example, have been fashioned to preserve sterility of the fluid. 

Attempts have been made to develop connector assemblies which isolate a fluid 
from the ambient environment of tiie connector, and from contaminants entrained in the 
ambient. Such connectors typically define a fluid conduit which is isolated from the 
ambient. Some conventional connector assemblies include mating male and female 
connectors having opposing, exposed surfaces. One surface may comprise Uie surface 
of a membrane, for example, while die other surface may comprise the surface of a 
rubber sepnim forming a blind end of an elastic, collapsible tube. These surfaces may 
be wiped with an antiseptic. Uien resiliemly urged in contact when die connectors are 
coupled. Otiier conventional connector assemblies provide a removable protective cover 
on each opposing surface to be contacted. These covers must be nnnoved prior to 
actually coupling the connectors. 
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Many problems are associated with these conventional connector assemblies. 
For example, wiping the surfaces with an antiseptic or removing the covers of these 
conventional connector assembUes may not sufficiently protect the fluid flowing through 
these assemblies. The surfaces are wiped and the covers are removed usually by hand. 
5 Although the attendant may use surgical gloves, a gloved finger may trail the antiseptic 
wipe along the protected surface, depositing on the surface contaminants that were on 
the glove. To unfasten and remove a cover, the gloved hand must manipulate the 
removable cover in intimate proximity to the protected surface under the cover, again 
risking incidental contact and the transmission of contaminants between the glove and the 

10 protected surface. 

In addition, once the surfaces are wiped with an antiseptic or the protective 
covers are removed from the protected surfaces, the surfaces are exposed to the 
contaminant-laden ambient environment. For example, as the connectors are brought 
together, dust, micro-organisms, and other airborne contaminants may contact the 

15 protected surfaces, even if the connectors are quickly mated. Thus, while these 
conventional connector assemblies have been developed to form a sterile connection, 
none adequately protect the fluid flowing through the connector assembly. 

Summarv of the Invention 

In accordance with a first aspect, the present invention is directed to a connector 

20 assembly comprising a first fitting definmg a first apemire, a second fitting connected 
to the first fitting and defining a second aperture, a stem member mounted in the first 
fitting and including a head, and a ratchet mechanism. The stem member being axially 
movable into the aperture of the second fitting. The ratchet mechanism is mounted to 
the stem and operates to lock the head of the stem within the second aperture of the 

25 second fitting. 

In accordance with a second aspect, the present invention is directed to a 
method for making a contaminant-free connection. The method comprises mating a first 
fitting and a second fitting, establishing a fluid flow path through the first and second 
fittings by advancing a stem having a head from the first fitting into the second fitting. 

30 and locking the head of the stem in the aperture of the second fitting by means of a 
ratchet mechanism. Advancing the stem includes moving the stem against a first 
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resistance, a second resistance substantiaUy less than the first resistance, and a third 
resistance substantially greater than the second resistance. 

In accordance with a third aspect, the present invention is directed to a fluid 
delivery system comprising a connector assembly and a container for holding fluids. The 
connector assembly includes a first fitting defining a first aperture, a second fitting 
coupled to the first fittmg and defining a second aperture, a stem member mounted in 
the first fitting and including a head, and a ratchet mechanism. The stem member heiog 
axially movable into the aperture of the second fitting. The ratchet mechanism is 
mounted to die stem and operates to lock the head of the stem within the second apemire 
of the second fitting. The contamer is coupled to either one of the first and second 
fittings. 

In accordance with a fourth aspect, the present invention is directed to a fluid 
delivery system comprising a connector assembly and a container for holding fluids. The 
connector assembly includes a first fitting defining a first apertorc, a second fitting 
defining a second aperture, and a resilient mount positioned between die first and second 
fittings and communicating with the first and second apertures. The resilient mount 
including a hub and a neck joined to the hub. The contahier is coupled to eiflier one of 
the first and second fittuigs. 

In accordance with a fifth aspect, the present mvention is directed to a fluid 
delivery system. The fluid delivery system comprising a first fitting defining a first 
aperture and including a first contamination containment layer, a second fitting coupled 
to the first fitting and defining a second aperture and including a second contamination 
containment layer, a stem member mounted in the first fitting and including a head, and 
a container for holding fluids. The stem member being axially moveable into the 
aperture of the second fitting. The container and one of the first and second fittings 
comprising an integral configuration. 

The methods and assemblies according to the invention may provide a 
contaminant-free fluid flow padi by providing a membrane assembly having a 
contaminant containment layer or surface which can be removed to expose an underlying 
contaminant-free membrane or layer. In a preferred embodiment of the invention, 
steiicniral elements of the fittmgs urge die membrane assemblies together, whereby 
access by contaminants is significantly reduced or eliminated. 
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Embodiments of the present invention may be used preferably with a sterile 
fluid, such as a biological fluid. A sterile fluid is one which is substantially free of 
viable contaminating microorganisms. Connector assemblies according to the invention 
define a fluid communication path wherein the fluid is maintained free of viable 
5 contaminating microorganisms, or the sterility of the fluid is not adversely affected by 
the passage of the fluid through the assembly. 

The novel features and characteristics of this invention are set forth with 
particularity in the appended claims. However, the invention may best be understood 
with reference to the drawings, described below, and the accompanying detailed 
10 description of preferred embodiments. 

Brief Description of the Drawings 

Figure 1 is an elevation view, in partial section, of disassembled components 
of a connector assembly in one embodiment according to the invention. 

Figure 2 is plan view of a female connector in the embodiment of figure 1 . 
15 Figure 3 is plan view of a male connector in the embodiment of figure L 

Figure 4 is an elevation in cross section of a resilient mount in the embodiment 
of figure 1. 

Figure 5a is a schematic of one embodiment of a membrane assembly according 
to the invention. 

20 Figure Sb is a schematic of another embodiment of a membrane assembly 

according to the invention. 

Figure 6 is an elevation view in partial section of the components of figure 1 
in partial assembly. 

Figure 7 is an elevation view in partial section, of the components of figure 1 
25 in final assembly. 

Figure 8 is an elevation view in partial section of a male connector in another 
embodiment of a connector assembly according to the invention. 

Figure 9 is an elevation view in partial section of the male connector of figure 
8, in final assembly. 

30 Figure 10 is an elevation view in section of another embodiment of a female 

connector in a coimector assembly according to the invention. 
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Figure 11 is an elevation view in partial section of the components of an 
alternative embodiment of the invention in partial assembly. 

Figure 12 is an elevation view in partial section of the components of an 
alternative embodiment of the invention in final assembly. 
5 Figure 13 is a plan view of a portion of the male connector in the embodiment 

of figure 11. 

Figure 14 is an elevation view, in panial section, of disassembled components 
of a connector assembly - fluid delivery system combination according to the invention. 

Figure 15 is an elevation view, in partial section, of disassembled components 
10 of a connector assembly - fluid delivery system combination in an alternate embodimem 
according to the invention. 

Figure 16 is an elevation view, in partial section, of disassembled components 
of a connector assembly - fluid delivery system combination in an alternate embodimem 
according to the invention. 

15 Detailed De scription of the Inventinn 

A connector assembly according to die present invention includes mating 
connectors or fittings which can be coupled to connect different fluid conduit sections, 
defining a fluid flow path, e.g., a liquid flow path. The connector assembly isolates the 
fluid flow patii from fbt ambient environmem and from contaminants present in die 
ambiem environment and is preferably sterile. ConsequenUy, a connector assembly 
according to the presem invemion is suitable for use in an open system, a closed system, 
or a closed sterile system. 

In a preferred embodiment illustrated in figures 1-3, the connector assembly 
comprises two connectors, preferably a female connector 100 and a male connector 200. 
Each connector may be attached to any suitable fluid conduit section, for example, an 
inlet or outiet of a housing such as a blood filter. In the Ulustrated embodimem, the 
fluid conduits comprise sections of tubing 10, 20. Each connector may comprise any 
structure suitable to conduct fluid communication, preferable liquid communication, e.g. 
a housing of any form capable of containing fluid. The exemplary female connector 
3 0 100. typically of unitary construction, generally comprises a fining 130 and a membrane 
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assembly 170. The exemplary male comiecior 200, typically of unitary construction, 
generally comprises a stem 210, a fitting 230 and a membrane assraibly 270. 

In the disassembled view of figure 1, the connectors are disposed generally 
opposing each other. For directional orientation in the following discussion, each 
5 connector has a proximate end, nearest the opposing connector, and a distal end, furthest 
from the opposing connector. Also, since the exemplary connectors 100, 200 in figure 
1 comprise generally elongated bodies, the term axial denotes disposition along their 
axes. 

The female and male connectors may comprise a detect mechanism adapted to 

10 interlock the female connector in predetermined relation with the male connector. Thus, 
the female fitting 130 may include a bracket 148. The bracket 148 may be variously 
configured. The bracket 148 may comprise a socket or cup having any suitable plan 
form, e.g. rectangular or circular. In the illustrated embodiment, the bracket 148 
comprises a U-shaped bracket or clevis. The representative bracket 148 is defined by 

15 a flange ISO and side walls 1S6. The flange ISO may assume a radially extending 
annular plan form, for example, as best seen in figure 2. 

The side walls 1S6 depend away from the flange ISO and toward the opposing 
male connector 200. One or more tongues 1S8 may depend from the walls 1S6. The 
tongues 1S8 can be formed integrally with the walls 1S6, for example, by continuing 

20 middle sections of the walls 1S6. The tongues 1S8 can thus register in grooves 248 
formed in a flange 246 of the male connector 200, best seen in figure 6. Accordingly, 
tongues 1S8 can be adapted to couple the female and male connectors 100, 200 in a 
tongue-in-groove engagement, as seen in the elevation view of figure 6 (in partial 
assembly). Tapers 162 can be formed at the proximate ends of the tongues 158 to guide 

25 the insenion of the tongues 158 into the grooves 248. Catches 160 can be formed which 
pass through the grooves 248, abuning a distal surface of the flange 246 and 
antagonistically locking the female and male connectors 100, 200, as will be detailed 
below, 

A socket 164, adapted to receive the male connector 200, is defined by the 
30 space enclosed by the flange ISO and side walls 156. The proximate surface of the 
flange ISO (i.e. the flange surface closest the opposing male connector) provides a socket 
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10 



15 



seat 152. The seat 152 serves as an abutment to the male connector 200 when the latter 
is positively engaged with the female connector 100. 

The female fitting 130 may define an internal chamber or apertuie 141 which 
may have any suitable configuration. The Ulustrated chamber 141 may comprise a bore 
142 relieved at its proximate end imo a counierbore 144. The flange seat 152 surrounds 
the counteibore 144. The ilhistrative female fitting 130 may be connected integrally with 
the section of tubing 10. The internal chamber 141 may be connected in fluid 
communication with the tubing 10. 

In an important aspect of the invention, the female connector is adapted to 
contain or provide fluid communication and preferably defines an isolated portion of the 
fluid path, e.g., containing or conducting isolated fluid communication. Accordingly, 
the chamber 141 is enclosed by a membrane assembly 170. The assembly of the female 
and male connectors 100, 200 may be surrounded by an atmosphere or ambiem 
environment having contaminants. In one key function, the membrane assembly 170 
isolates the chamber 141. and fluid therein, fiiom the surrounding ambient environment 
and from contaminants prescm in the ambiem environment. Regardless of when or how 
the connector 100 is sterilized, the seal provided by the membrane assembly 170 is 
preferably secure enough to maintain the sterility within the chamber 141 of female 
connector 100. In the Ulustrated embodiment, the female connector 100 is formed such 
20 that the fitting 130, the flange 150, the membrane assembly 170 comprise integral 
portions of the female connector 100. 

The membrane assembly is preferably secured to the seat 152 of the female 
connector 100. Alternatively, the membrane assembly may be positioned in any other 
suitable location, such as within the internal chamber and sealed to the walls of the bore 
25 or the counterbore. The membrane assembly 170 can be secured to the seat 152 or the 
walls of the chamber 141 by a variety of means. Preferably, the membrane assembly 
170 can be secured by ultrasonic welding. Alternatively, the membrane assembly 170 
may be secured by a heat seal or bonded by an adhesive or a solvent, preferably along 
the periphery. 

3 0 Figures 1 , 6, and 7 show elevation views of the male connector 200 m differem 

stages of assembly with the female connector 100. Figures 1, 6. and 7 comprise views 
in partial section, as the stem 210 is shown in plain (i.e. non-sectioned) elevation. The 
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male connector 200 generally includes a stem 210 housed in a fitting 230. The male 
connector 200 may also include a resilient mount 249 having a membrane assembly 270 
secured thereto. 

The male connector 200 is preferably adapted to contain and conduct fluid 
5 conmiunication and preferably defmes an isolated portion of the fluid flow path, e.g., 
containing or conducting isolated fluid conununication. Accordingly, the stem 210 is 
preferably housed within a sealed chamber or aperture 231 deflned within the fltting 230. 
In the illustrative embodiment, the stem 210 is hollow, deflning a lumen (not shown) 
therein. The proxnnate end of the stem 210 may have a head 220 formed thereon. The 

10 head 220 may comprise a piercing element since it may have a sharpened tip. The head 
220 may have an aperture providing fluid access between the lumen and the exterior of 
the stem 210. The stem 210 may also be connected to a fluid conduit section, e.g., the 
tubing section 20. If the stem 210 and tubing 20 are fabricated as separate components, 
the tubing 20 may be joined to the base 223 using solvent, bonding or ultrasonic welding 

15 for example. Alternatively, the stem 210 and tubing 20 (or other fluid conduit structure) 
may be molded as an integral part. The stem 210 may also be formed with a ratchet 
structure, for example beveled annular ribs 216 formed on the external surface of the 
stem 210. These ribs 216 are shown in plain, non-sectioned elevation in the partially 
cross sectioned figures 1, 6 and 7. The ribs 216 may circumfuse the external surface 

20 of the stem 210. The ribs 216 may be beveled such that they project from the surface 
of the stem 210, extending distally toward the base 223 of the stem 210 and forming an 
acute angle with the external surface of the stem 210. 

Although the male connector may be variously configured, the illustrated male 
connector 200 comprises an arrangement of telescoping elements adapted to house at 

25 least a ponion of the stem 210 within the internal chamber 231 in isolation from 
contaminants. Thus, by way of illustration, the fitting 230 may have a generally 
cylindrical sleeve 232 extending from the flange 246. The sleeve 232 defines a bore 234 
forming a ponion of the internal chamber 231. The stem 210 may register intimately 
with the sleeve 232. In the illustrated embodiment, a head portion 220 of the stem 210 

30 is housed within the sleeve 232. 

The illustrative male fitting 230 may fiirther be constructed with a second 
outside sleeve 238 concentrically disposed about the first sleeve 232. The concentric 
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sleeves 232, 238 may be connected by any appropriate means. In the lepresentative 
embodiment, the fitting 230 is fonned such that the sleeves 232, 238 and the flange 246 
comprise integral portions of the fitting 230. Prefeiably, the outside sleeve 238 isolates 
both the stem 210 and the interior bore 234 of the inside sleeve 232 from exposure to 
the ambient environment. Thus, the axial length of the mside sleeve 232 may be shorter 
than the axial length of the outside sleeve 238. The remainder of the body of the stem 
210 may be housed within an ulterior bore 239 defined witfiin the outside sleeve 238. 

The stem 210 nuiy include a telescoping seal assembly adapted to mate in 
telescoping engagement with one or both of the sleeves 232, 238 to isolate and preferably 
seal the internal chamber 231. Generally, the telescoping seal assembly may be adapted 
to engage either sleeve, internally or externally. In the exemplary embodiment, the seal 
assembly 225 may mate in telescoping engagement at least with the interior bore 239 
defined in the outside sleeve 238. The telescoping assembly may include elastomeric or 
deformable elements which intimately engage the walls of the interior bore 239. As 
shown in the representative embodiment of figures 1. 6, and 7, the ilhistiative 
telescoping assembly 225 may include a plunger 226 and an 0-ring 227 which fits within 
a groove in the plunger 226. Preferably the plunger 226 and/or the 0-ring 227 tightiy 
engage the inside wall of the outside sleeve 238. This engagement advantageously 
isolates the interiors of both the inside and outside sleeves 232. 238 from the ambient. 

The telescoping seal assembly may also mate with the inside sleeve 232 to seal 
the internal chamber 231. For this purpose, the distal end of the sleeve 232 may be 
formed with a rim 233. The rim 233 may assume a tapered form as shown. The 
telescoping seal assembly 225 may additionally include a shoulder 224 formed on a base 
223 of the stem 210. The shoulder 224 may have a tapered form adapted to mate with 
that of the rim 233, providing another seal for the chamber 231. 

Although the illustrated embodiment comprises an arrangement of telescoping 
elements, the male connector may include other arrangements for advancing the stem. 
For example, a screw mechanism with a ratchet may be mounted between the outer 
sleeve and stem. The stem could then be advanced by iptating the screw mechanism. 

As exemplified in the plan view of the male connector 200 in figure 3, the 
flange 246 may be generally annular, circumftising and extending radially from the 
sleeve 232. The flange 246 may be formed with the grooves 248. As mentioned above, 
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the engagement of one or more tongues 1S8 of the female connector 100 in the grooves 
248 of the male connector 200 is part of one possible structure for coupling the 
connectors 100, 200. This coupling is shown in an initial stage of engagement in figure 
6. 

5 In an important aspect of the invention, the female and male connectors may 

form a resilient coupling mechanism for engaging these connectors in biased opposition. 
Though this resilient coupling mechanism may be fashioned in a variety of ways, in the 
exemplaiy embodiment, this coupling mechanism may include the resilient mount 249. 
A representative construction for the resilient mount 249 is detailed m the sectioned 

10 elevation view of figure 4. The mount 249 serves as a seat which has at least one of the 
membrane assemblies secured thereon and which is at least axially resilient (e.g. at least 
resilient along an axis of the sleeve 232). The resilient mount 249 may be disposed 
generally between the female and the male connectors 100, 200, providing antagonism 
between the coupled connectors. The resilient mount 249 could be connected to the 

15 female connector 100. However, in the illustrated embodiment the resilient mount 249 
is connected to the male coimectof 200. 

As best shown in Figure 4, the mount 249 may include a resilient neck 252 
connecting a hub 250 to the flange 246. The exemplary hub 250 defines a scalable seat 
surrounding an opening into the chamber 231 . Thus, the hub 250 may have a wall 256 

2 0 defining a well 262. The wall 256 may have an annular plan form, for example, as best 
shown in figure 3. The well 262 communicates with the bore 234 in the sleeve 232. 
Together, the illustrative bore 234 and well 262 form the internal chamber 231. The 
wall 256 may further have a rim 258. This rim 258 forms the scalable seat circumfiising 
the well 262 which accesses the chamber 231, The membrane assembly 270 is 

25 preferably secured to the rim 258, enclosing the internal chamber 231. 

As detailed particularly in figure 4, the neck 252 may be formed with a joint 
having a recess or groove, shown generally at 260. The grooved joint 260 connects the 
neck 252 to the hub 250, on the distal side of the hub. When the connectors 100, 200 
are engaged, the grooved joint 260 yields, and the neck 252 is compressed at least 

30 axially. Thus, the axial resilience of the mount 249 urges the connectors into biased 
opposition, maintaining the membrane assemblies 170, 270 in positive contact. As one 
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alternative to the grooved joint 260, the hub niay be formed with a thin flange joining 
the neck. 

The resilient mount 249 may be formed as an integral part of the male fitting 
230. Thus, the sleeve 232, flange 246, neck 252 and/or hub 250 may be molded 
integrally for example. In this embodiment, the male fitting 230, lite the female fitting 
130, is molded as a single part from any suitable polymeric material, for example 
olefinic compositions such as polypropylene, polyethylene, butadiene; acrylics; 
polycarbonates; or elastomers. 

In the illustrated embodiment, the male connector 200 is formed such that the 
fitting 230, the resilient mount 249, and membrane assembly 270 comprise integral 
portions of the male connector 200. 

Preferably, the female and male connectors 100, 200 are interlocked in 
predetermined relation and are resiliently coupled in antagonistic biased opposition. The 
coupling stmcnire on each connector may be proportioned relative to the other to 
produce an antagonistic coupling. As noted above, figure 6 shows the tongue-in-gtoove 
coupling of the representative female and male fittings 130, 230 in partial assembly. The 
catches 160 abut the distal surface of the flange 246, interlocking the connectors 100, 
200 in predetermined relation to each other. The dimensions of the fittings 130, 230 are 
preferably proportioned such that when the catches 160 embrace the distal surface of the 
flange 246, the resilient mount 249, including the hub 250 and neck 252, compresses 
axially, forces the membrane assemblies 170, 270 into positive contact, and provides 
biased opposition between the membrane assemblies 170, 270. To protect the resilient 
mount 249, shoulders 154a-154d, seen particularly in figures 1 and 2, may be formed 
preferably on tije flange 148 of the female connector 100. These shoulders may serve 
as stops limiting the compression of die mount 249 by ensuring a minimum pacing 
between tiie connectors. Alternatively, the mount 249 may be constructed such that it 
can tolerate compression that is limited by contact between tiie flanges 148, 246 and the 
hub 250. 

ftior to coupling the connectors 100, 200, the proximate, opposing surfaces of 
the membrane assemblies 170, 270, are exposed to the ambient environment. Upon 
coupling, these opposing surfaces are forced into positive contact with each otter due to 
flie biased opposition imposed by tte resilient mouiit 249. In a principal feanire of the 
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invention, this positive contact is maintained as long as the connectors 100, 200 are 
coupled. Through this positive contact, the contacting surfaces of the membrane 
assemblies 170, 270 cover each other, isolating them from the ambient. 

The membrane assemblies of the connectors may be variously configured and 
5 may be identical or not. Figures Sa and Sb are schematics showing different 
embodiments for the membrane assemblies. In a principal aspect of the invention, each 
membrane assembly includes at least two layers or surfaces. The first comprises a 
removable contamination containment surface. Initially, this surface comprises the 
proximate surface of each respective membrane assembly, i.e., the surface nearest and 

10 facing the opposing connector. The second surface of each membrane assembly 
comprises a protected sealing surface. This surface is protected and preferably isolated 
from the ambient environment and from contaminants present in the ambient 
environment. At least initially, prior to the stage of insening the stem into the female 
connector, the sealing surface seals the chamber defmed within each respective fitting. 

15 In figures Sa and 5b, in the membrane assembly 170 of the female connector 100, the 
sealing surface and the contamination containment surface are denoted by 174 and 182, 
respectively. In the membrane assembly 270 of the male connector 200, the sealing 
surface and the contamination containment surface are denoted 274 and 282, 
respectively. 

20 The layers or surfaces of the membrane assemblies may be variously 

configured. In the exenq)lary embodiment of figure Sa, the contamination containment 
surface comprises a surface of a cover layer which may be completely removed from the 
membrane assembly. This exposes a separate underlying sealing layer, having the 
sealing surface as one of its surfaces. In the embodiment of figure Sb, the contamination 

25 containment surface comprises a portion of a surface of a cover layer which is folded in 
a serpentine configuration. This cover layer may be unfolded, exposing a protected 
cover layer portion, or may be removed completely, exposing a separate sealing layer. 

Figure Sa shows one preferred embodimient of the membrane assemblies 170a, 
270a. Each membrane assembly 170a, 270a, in the illustrative embodiment, comprises 

30 two separate layers. The membrane assembly 170a has a cover layer 178a serving as 
a removable protective sheath covering a separate sealing layer 172a. The sealing 
surface 174a comprises the surface of the sealing layer 172a facing the female flange 
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148. The contamination containment surface 182a comprises the surface of the cover 
layer 178a facing the male connector 200. 

More particularly, the sealing layer 172a may enclose the chamber 141 defined 
within the female fitting 130, preferably sealing it. Thus, the sealing surface 174a may 
be secured to the seat 152, preferably permanently, using any of the techniques discussed 
above, e.g. ultrasonic welding. In this embodiment the sealing layer 172a is laid fiat 
over the opening to the chamber 141 and because the sealing layer 172a has no folds, 
it has only two surfaces, the sealing surface 174a and an intermediate surface 176a. 
Also preferably, the sealing layer 172a may comprise a material which precludes the 
passage of bacteria therethrough. This material my be porous, preferably having a pore 
rating of about 0.2/im or less. Alternatively, the sealing layer 172a may comprise a 
material which is impervious to both liquid and gas. Accordingly, in one key function 
the membrane assembly 170a isolates a portion of the fluid path from the ambient 
environment and from contaminants in the ambient enviromnent since the sealing layer 
172a seals the chamber 141. 

In the illustrated embodiment, the cover layer 178a is diqiosed over the sealing 
layer 172a ui a single fold configuration. The exemplary cover layer 178a has a pull tab 
179a (shown also in figure 2), an intermediate surface 180a and the contamination 
containment surface 182a. When the cover layer 178a is attached to the sealing layer 
172a. the intermediate surface 176a of the sealing layer 172a and the intermediate 
surface 180a of the cover layer 178a are interfaced in intimate contact. The cover layer 
178a is preferably removably atuiched to the sealing layer 172a in any suitable manner. 
The sealing layer 172a and the cover layer 178a can be attached together by heat sealing 
the perimeter of the intermediate surfaces 176a, 180a, for example. Alternatively, the 
intermediate surface 180a, but not the contamination containment surface 182a, of the 
cover layer 178a has a tackiness or an adhesive which releasably holds the cover layer 
178a to the sealing layer 172a but which entirely remains with the cover layer 178a when 
the cover Uyer 178a is removed from the sealing layer 172a. The contamination 
containment surface 182a of the cover layer 178a and the intermediate surface 176a of 
the sealing layer 172a thus remain ftec of adhesive, preventing ambiem contaminants 
from being attracted to and held by either surface. Further, because the intermediate 
surface 176a of the sealing layer 172a remains free of adhesive, there is no risk that the 
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adhesive will leach into fluid flowing through the connector assembly. 

Prior to coupling the female and male connectors 100, 200, the contamination 
containment surface 182a is exposed to the ambient environment. Preferably, the cover 
layer 178a also comprises a material, such as glassine paper, which precludes the 
5 passage of bacteria therethrough. Accordingly, while the cover layer 178a is attached 
to the sealing layer 172a, it isolates the sealing layer from the ambient environment. In 
another key function of the membrane assembly 170a, the cover layer 178a protects the 
sealing layer 172a, isolating it from contact with other surfaces, or surface area portions, 
or the ambient environment. More particularly, the cover layer 178a may be 

10 advantageously folded as shown so that the intermediate surface 180a intimately 
interfaces with the sealing layer 172a and protects the sealing layer 172a from even the 
exposed contamination containment surface 182a. 

The membrane assembly 270a of the male connector 200 has a construction 
analogous to that of the membrane assembly 170a. The membrane assembly 270a has 

15 a sealing layer 272a and a cover teyer 278a. The sealing surface 274a comprises the 
surface of the sealing layer 272a facing the male flange 246. The contamination 
containment surface 282a comprises the surface of the cover layer 278a facing the female 
connector 100. 

The sealing layer 272a seals the well 262, and thus the chamber 231 deflned 
20 within the male fitting 230. Accordingly, the sealing surface 274a is secured to the rim 
258 of the axially resilient hub 250. The sealing surface 274a may be secured, 
preferably permanently, using any of the techniques outlined above, e.g. ultrasonic 
welding. The sealing layer 272a may be laid flat over the well 262. Because the sealing 
layer 272a has no folds in this embodiment, it has two surfaces, the sealing surface 274a 
25 and an intermediate surface 276a. The sealing layer 272a may be impervious to gas or 
liquid or may comprise a porous, hydrophobic material which precludes the passage of 
bacteria therethrough. The sealing layer 272a thus isolates the chamber 231 from the 
ambient and from contaminants entrained in the ambient. 

As in the female connector, the cover layer 278a may similarly be removably 
3 0 attached to the sealing layer 272a. This cover layer 278a may also be disposed over the 
sealing layer 272a in a single fold configuration. The exemplary cover layer 278a has 
a pull tab 279a (shown also in figure 2), an intermediate surface 280a and the 
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contamination containment surface 282a. When the cover layer 278a is attached to the 
sealing layer 272a. the intermediate surfece 276a of the sealing layer 272a and the 
intermediate surface 280a of the cover layer 278a are interfaced in intimate contact. 
Accordingly, whUe the cover layer 278a is atuched to the sealing layer 272a, it isolates 
5 the sealing layer from the ambient and from contact with otf»er surfaces exposed to the 
ambient. 

In each of the previous embodiments of the membrane assemblies 170, 270, the 
cover layer 178, 278 intimately contacts the sealing layer 172, 272. However, the 
membrane assembly may alternatively be configured with the sealing layer spaced from 
10 the cover layer. For example, the cover layer may be removably attached to the Hange 
of the connector, enclosing the chamber, while the sealing layer is spaced from the cover 
layer and positioned within the chamber sealed to the walls of the bore. 

The antagonistic coupling of the connectors created by the toi^e-in-groove 
engagement and the axially resilient mount 249 urges the respective contamination 
15 containment surfaces 182a. 282a. into biased opposition. This resilience ensures positive 
contact between the contamination containment surfaces 182a, 282a as long as the 
connectors 100, 200 are coupled. 

Preferably, the fittings 130. 230, and thus the surfaces within the fittings 
defming the chambers 141, 231, may be sterilized either before or upon assembly with 
20 each other. Each of the sealing surfaces 174a, 274a seals its respective chamber 141, 
231, isolating the chamber from the ambient and contaminants entrained therein. 

According to a principle aspect of the invention, each of tiie contamination 
containment surfaces 182a, 282a can be removed wtu\t maintaining these surfaces in 
positive contact. Once the connectors 100, 200 are coupled, they form a housing and 
25 the pull tabs 179a, 279a of the cover layers 178a, 278a preferably abut each other and 
extend in the same direction to the exterior of the housing. For example, in the 
embodiment illustrated in Figure 6, the pull tabs 179a, 279a extend out of the channel 
of the U-shaped bracket 148 (i.e. . into or out of the plane of the drawing page), beyond 
the assembly of the two connectors 100, 200. The pull tabs 179a, 279a can be pulled 
30 by hand, pinching the tabs together with two fmgers. The tabs 179a, 279a are most 
preferably pulled simultaneously, while maintaining the contamination containment 
surfaces 182a, 282a in biased contact. When the tabs are pulled together, the biased 
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Opposition of the resilient coupling maintains the positive contact between the 
contamination containment surfaces 182a, 282a. Each contamination containment surface 
1 82a, 282a may trap and isolate any contaminants on the other. Even as the cover layers 
178a, 278a are removed, the resilient mount 249 urges the contamination containment 
5 surfaces 182a, 282a into positive contact with each other. Also, a bacteriostatic or 
bacteriocidal compound or layer could be disposed on either or both contamination 
containment surfaces 182a, 282a. As the cover layers 178a, 278a are removed, each 
contamination containment surface 182a, 282a is pulled away from the respective sealing 
layer 172a, 272a by virme of the advantageous fold configuration. Thus, in another key 

10 feature the membrane assemblies 170a, 270a isolate both the fluid path and surfaces 
intersecting the fluid path, e.g., the intermediate surfaces 176a 276a at the sealing layers 
172a, 277a, from the ambient and surfaces exposed to the ambient, e.g., contamination 
contaixunent surfaces 182a, 282a. 

In addition to being axially resilient, the resilient mount 249 is preferably 

15 flexible enough to tilt laterally or rock as the cover layers 178a, 278a are removed. 
Thus, as the cover layers 178a, 278a are removed, the hub 2S0 instantly urges the 
protected intermediate surfaces 176a, 276a of the sealing layers 172a, 272a into positive 
contact, virtually preventing contamination of these surfaces. 

Each contamination containment surface 182a, 282a isolates the other, trapping 

20 therebetween any contaminants incident on the surfaces from the exposure of these 
surfaces to the ambient. The membrane assemblies 170a, 270a isolate both internal 
chambers 141, 231, and the fluid path portion defmed within the stem 210, from the 
ambient. Further, the membrane assemblies 170a, 270a isolate both internal chambers 
141, 231, and the fluid path portion defined within the stem 210, from surfaces exposed 

25 to the ambient, e.g., from the contamination containment surfaces 182a, 282a. When 
the two connectors 100, 200 are coupled and the cover layers 178a, 278a are removed, 
only surfaces which were previously isolated define or intersect the fluid flow path. 

In the embodiment of figure 5b, each membrane assembly 170b, 270b 
comprises at least one sheet arranged in a serpentine fold configuration. Each fold 

3 0 defines a portion of the sheet forming a new layer. Thus, the membrane assembly 170b 
can comprise a single sheet having one portion forming the sealing layer 172b. Another 
portion of the sheet after the first fold in the serpentine configuration forms a first cover 
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layer 178b. Yet another portion of the sheet after the second fold in the serpentine 
configuration forms a second cover layer 181b. 

More panicularly, the sheet portion forming the sealing layer 172b has two 
surfaces, a sealing surfoce 174b and an intermediate surface 176b. Analogous to the 
embodunent of figure 5a, the sealing surface 174b may be secured to the seat 152 of the 
female fitting 130, preferably peimanenUy. Preferably, the sealing layer 172b comprises 
a material which precludes the passage of bacteria. Thus the membrane assembly 170b 
isolates a portion of the fluid path from the ambient and contaminants present in the 
ambient since the sealing layer 172b seals the chamber 141. 

The first cover layer 178b may be removably attached to the sealing layer 172b 
as previously discussed with respect to die embodiment shown in Figure 5a. The first 
cover layer 178b has an intermediate surface 180b. When the membrane assembly 170b 
is folded, the intermediate surface 176b of the sealing layer 172b and the intermediate 
surface 180a of the first cover layer 178b are interfaced in intimate contact. 

The second cover layer 181b nay be disposed over the first cover layer 178b. 
The second cover layer 181b has a pull tab 179b and a contamination containmem 
surface 182b. The contamination containment surface 182b comprises the surface of the 
membrane assembly 170b most proximate to the opposing male connector 200. Prior 
to coiipling the female and male connectors 100, 200, the contamination containment 
surface 182b is exposed to the ambient. Preferably, the membrane assembly 170b 
comprises a homogeneous membrane sheet. Thus, both cover layers 178b, 181b also 
preclude the passage of bacteria therethrough. Accordingly, while the cover layers 178b, 
181b are protectively disposed over the sealing layer 172b, they isolate the sealing layer 
from the ambient contaminants and from surfaces exposed to the ambient. 

In the embodiment of figure 5b, the membrane assembly 270b of the male 
connector 200 can be constracted in a fashion analogous to the membrane assembly 170b 
of the female connector 100. Reference numerals for components of the membrane 
assembly 270b are analogous to the numerals for the membrane assembly 170b, except 
that the 200 series is used. 

In use, the hollow stem 210 forms an isokited portion of the fluid 
communication path. On the proximate side of the internal chamber 231 of the male 
connector 200, the membrane assembly 270 preferably seals the hollow stem 210 therein. 
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On the distal side of the chamber 231 , the telescoping seal assembly 22S preferably seals 
the stem 210 therein. As exemplified in figure 1, in final assembly die stem 210 is 
adapted to bridge the chambers 141, 231. Accordingly, the stem 210 is firee to move 
axially within the bore 234, toward the proximate end of the male fitting 230. 
5 To establish fluid communication between the internal chambers 141 , 231 , the 

connectors 100, 200 are first positively interlocked. The connectors 100, 200 may be 
interlocked by the tongue-in-groove coupling described above, for example. The 
resilient mount 249 is then compressed and urges the cover layers of the membrane 
assemblies 170, 270 into positive contact against each other. The cover layers 178, 278 

10 can then be removed by pulling the tabs 179, 279. The biased opposition provided by 
the resilient mount 249 simultaneously urges the protected sealing layers of the 
membrane assemblies 170, 270 into positive contact against each other. 

The stem 210 then can be advanced within the male fitting 230, typically by 
hand or by use of a tool. The stem 210 may advance within the sleeves 232, 238 until 

15 the rim 233 formed on the distal end of the inside sleeve 232 abuts the shoulder 224 
formed on the stem 210. The mating tapered surfaces of the rim 233 and the shoulder 
224 provide yet another seal isolating from the ambient die internal chamber 231 as well 
as the stem portion or head 220 therein. This abutment also serves as a stop, ultimately 
limiting the axial travel of the stem 210. The advance of the stem 210 is sufficient to 

20 allow the stem 210 to pierce at least the sealing layer 172, 272 of each membrane 
assembly 170, 270, respectively. The head 220, which comprises a piercing element, 
may thus have a pointed form for example, adapted for this penetration. By inserting 
the stem 210 into the female fitting 130, fluid communication is established between the 
female and male connectors 100, 200. Thus, the tubes 10, 20 are joined in fluid 

25 communication, and a single fluid path is formed through the connector assembly. 

Preferably, once the stem 210 is inserted into the female fining 130, an axial 
restraint resists retraction of the stem 210. Such a restraint preferably prevents 
altogether the retraction of the stem 210. This restraint is implemented in the illustrated 
embodiment by a ratchet or locking strucmre. The inside sleeve 232, including the 

30 tapered form of the rim 233 cooperates with the angle of the beveled ribs 216 to allow 
axial advance of stem 210 toward the female connector 100 with sufficient resistance to 
prevent accidental or incidental movement of the stem 210. The distal end of the inside 
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sleeve 232 may further be formed with a lip or catch 236 depending radially inward 
within the bore 234. Upon attempting retraction of the stem 216. the beveled ribs 216 
may engage the catch 236. This engagement prevents axial retraction of the stem 210, 
locking tiie stem wifliin the female fitting 130. The ratchet structure may additionally 
5 include engagement of the beveled ribs 216 by an internal shoulder 235 (shown in figure 
4) formed in the bore 234 of tiie sleeve 232, for example. 

The axial restraint may also be implemented or augmented by the fictional 
telescoping engagement of mating parts. This includes the telescoping engagement of 
flie plunger 226 and/or 0-ring 227 witiiin tiie bore 239. Also, both the head 220 of tiie 

10 stem 210 and tiie bore 142 defmed witiiin flie female fitting 130 may comprise mating 
tapered forms. Accordingly, tiie head 220 may be lodged in fiictional telescoping 
engagement witiiin tiie internal chamber 141 of tiie female connector 100, sealing tiie 
stem 210 witiiin the female connector 100 and resisting disengagement. 

In anotiier representative embodiment shown in figures 8 and 9, coixqwnents 

15 corresponding to tiie previous embodiment are denoted witii the same reference 
numerals. The illustrated seal assembly 225 may fiirtiier include a frangible flange 228, 
in addition to tiie plunger 226. The outside sleeve 238 may have a seat assembly 240 
formed at tiie distal end tiiereof. The frangible flange 228 may be fixed to tiie seat 
assembly 240 by aay qipropriate means, e.g. by bonding or welding, and may tiius seal 

20 tiie interior bore 239 defmed witiun tiie outside sleeve 238. The seat assembly 240 may 
include a rim 242 which abuts tiie frangible flange 228 when tiie latter is fixed to tiie seat 
assembly. Preferably, tiie frangible flange 228 comprises an element which may be 
severed or broten. More particularly, tiie frangible flange 228 may comprise a tiiin wall 
for example. Furtiier, the frangible flange 228 may have a cleavage or crease formed 

25 on eitiier side of tiie flange. The position of tfiis crease would coincide witii the area 
where tiie rim 242 abuts tiie frangible flange 228. Also, tiie rim 242 may 
advantageously form a sharp edge. 

The assembly of connectors 100, 200 of tiie embodiinent of figures 8 and 9 may 
operate similarly to tiie earlier embodimem. After the connectors 100, 200 ai« coupled 

30 and tiie removable cover layers are removed from tiie membrane assonblies 170, 270, 
tiie stem 210 can be advanced. The stem 210 may be forcibly advanced by hand or tool 
such tiiat tiie flange 228 is severed or broten against tiie rim 242. As tiie stem 210 is 
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advanced, the plunger 226 moves along the wall of the bore 239. The plunger 226 may 
again be advantageously formed from a compressible material, for example an 
elastomeric material. Contact between the plunger 226 and the wall of the bore 239 
provides a secure seal from the ambient for both bores 239, 234 and the internal 
5 chamber 231. Also, part of the frangible flange 228 remaining with the plunger 226 
preferably comprises a material which may yield, compressing radially or folding at its 
periphery, for example. Thus, the remaining portion of the severed flange 228 may 
initially enter and advance within the bore 239 while constantly maintaining sealed 
contact with the tapering wall deflning the bore 239. 

10 In summary, in this embodiment of the connector assembly, at least four 

mechanisms advantageously cooperate to isolate from the ambient the distal end of the 
internal chamber 231. Originally, prior to advancing the stem 210, the frangible flange 
228 may be fixed to the seat assembly 240, sealing the bore 239. Once the stem 210 is 
advanced, the periphery of the remaining portion of the frangible flange 228 intimately 

15 contacts the wall defining die bore 239. Similarly, the plunger 226 also intimately 
contacts the tapering wall of the bore 239. Finally, the abutting tapered surfaces of the 
rim 233 of the inside sleeve 232 and shoulder 224 of the stem 210 mate to seal the bore 
234. 

In an alternate embodiment, illustrated in Figures 11-12, the connector assembly 
20 comprises a female connector 100 and a male connector 200 described above for 
Figures 1-4. In this embodiment of the invention, male connector 200 includes a stem 
310 preferably housed within a sealed chamber or aperture 231 defined within a fitting 
230. Male connector 200 includes an inside sleeve 232, the distal end of which may be 
formed with at least one lip or catch 236, as noted above. In the illustrated embodiment, 
25 the sleeve 232 has three catches 236 equally spaced from one another. 

The stem 310 may also be formed with a first ratchet structure 311 and a 
second ratchet structure 312. For example, each ratchet structure 311 and 312 may 
include beveled annular ribs formed on the external surface of the stem 310. These ribs 
are shown in plain, non-sectioned elevation in the partially cross sectioned figures 1 1 and 
30 12. The ribs may circumfiise the external surface of the stem 310. The ribs may be 
beveled such that they project from the surface of the stem 310, extending distally 
toward the base 223 of the stem 310 and forming ah acute angle with the external surface 
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of the stem 310. Tapers can be fonned at the proximate end of the catches to guide the 
contact of the catches with the fust and second ratchet structures. 

In a preferred embodiment, stem 310 also includes a relatively anooth external 
surface 313 between first ratchet strucoue 311 and second ratchet strucnire 312, i.e., a 
surface which minimizes resistance to the movement of the stem 310 mto the female 
connector lOO until fiilly engaged. 

In use, the hollow stem 310 fonns an isolated portion of the fluid 
communication path, as described above. The inside sleeve 232, including the tapered 
form of the riin 233 cooperates wifli the angled surfece of die beveled ribs to allow axial 
advance of stem 310 toward the female connector 100 with sufficient resistance to 
prevent accidental or incidental movement of the stem 310. The stem 310 can be 
advanced within the male fitting (CONNECTOR) 200 by applying sufficient force to 
overcome the engagement of the catch 236 with the beveled rib(s) of first ratchet 
structure 311. In a preferred embodiment of the mvention, the force required to move 
the rib(s) of the fu^t ratchet structure 311 past the catch 236 is greater than the force 
required to move the rib(s) of the second ratchet structure 312 past the catch 236. For 
example, the bevel on the rib(s) of the first ratchet strucnire may be greater than the 
bevel on the rib(s) of the second ratchet structure. 

Once the stem 310 is inserted into the female fitting 130, an axial restraint 
resists retraction of the stem 310. Such a restraint preferably prevents altogether the 
retraction of the stem 310. This restraim is implemented in the illustrated embodimem 
by the second ratchet strucnire 312 which engages with catch 236. Upon attempting 
retraction of the stem 310, the engagement of the beveled ribs with the catch 236 
prevents axial retraction of the stem 310, locking the stem within the female fitting 130. 

As with all illustrated embodiments herein, a number of variations in the 
illustrated constructions are envisioned. For example, another embodiment for the 
female connector 100 is illustrated in Figure 10, where analogous components have the 
same reference numerals. In this embodiment, the counter bore 144 is closed at a blind 
end by a pierceable septom 147 and the sepmm 147 may conqirise an integral part of the 
flange ISO. Thus, the chamber 141 defined within the tubing 10 is sealed by both the 
membrane assembly 170 and the septum 147. The septum 147 may provide additional 
security in sealing the chamber 142 from ambient contaminants and fix>m surfaces 
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previously exposed to the ambient. The septum 147 may also resist the pressure of the 
fluid in the tubing section better than the membrane assembly 170. When the female and 
male connectors 100, 200 are coupled, the stem 210 can be axially advanced through the 
sleeve 232 to pierce three elements: the membrane assembly 270 of the male connector 
5 200 and the membrane assembly 170 and the septum 147 of the female coimector. In 
one possible mechanism for axial restraint of the stem, a throat may be formed where 
the septum is pierced, whereby the stem registers in an intimate friction fit within the 
throat. 

Other variations are also envisioned. For example, where the female connector 

10 and fluid conduit comprise separate components, they could be connected by a variety 
of other means, e.g. mating threaded fittings. Alternatively, the bracket may be attached 
to a sleeve, either formed integrally with the bracket or otherwise connected thereto. 
This sleeve may be connected to a section of tubing through telescopic engagement, i.e. 
a coaxial friction fit wherein one member is inserted within the other, with friction 

1 5 between the two members retaining the coupling. In another variant construction for the 
female connector, the two bores and the tubing can be variously configured. In the 
exemplary embodiment of figures 1-3 these components are generally cylindrical. 
Alternatively, they may be formed with cross sections of various geometries, for example 
rectangular or elliptical. 

20 A number of variations are envisioned in the construction of the male connector. 

The hub and/or sleeve may assume cross sections of any suitable form, for example 
rhomboid or trapezoidal. Also, the sleeve, flange and/or hub, for example, can be 
molded or machined as separate parts, each with mating threads. The sleeve can also 
be constructed as separate, hollow telescoping sections housing a helical spring, for 

25 example. This may serve as a substitute for the illusu^ted construction of the resilient 
mount. The telescoping sections of the sleeve can be dimensioned to allow easy axial 
reciprocation of one half within the other. The spring would provide the resilience 
necessary to couple the connectors in biased opposition, maintaining positive contact 
between membrane assemblies. If the spring is helical, it can be sized such that the stem 

30 can be loosely housed, allowing for axial displacement within the helbc. In another 
alternative to the illustrated construction of the resilient mount, the male fitting can 
alternatively be formed or machined as an integral piece from a post of elastomeric 
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material. This post would be bored to make it a hollow sleeve, and may be constructed 
without a separate hub piece. Alternatively, a separate elastomeric hub can be mounted 
on a sleeve piece. 

The axial resilience in the coupling can alternatively be provided by using a 
deformable or resilient material for one or both sealing layers of the membrane 
assemblies. The resiUence and thickness in the sealing layer should provide the 
compliance and clearance necessary to ui^ge the contamination containment surfaces into 
positive contact. Hence, the sealing layers may be made thick relative to the cover 
layers. The removable cover layers may be made thin relative to the sealing layers to 
make removal easy while assuring positive contact of interfacing intermediate surfaces. 

The illustrated structure for coupling the female and male connectors can also 
be modified. The exemplary tongue-in-groove coupling can be replace with any 
coupling, preferably an interlocking structore which locks or becomes non-separable after 
coupling. A rabbeted coupling, for example, can be implemented by forming one 
connector with a groove or recess cut out of an edge or face of its body. The other 
connector can be formed with a boss or rib having a shape that mates with that recess. 
In another alternative coupling, the female and male connectors can comprise any 
suitable form of matiiig threaded fittings. 

Several alternative constructions for tiie axial restraint of tiie stem are possible. 
An axial restraim can be implemented by several embodiments of a friction fit, for 
example. The counter bore within the female fitting may be proportioned to 
accommodate any fiaps formed when the membrane assemblies are pierced. As the stem 
passes, die flaps can be pressed radially against the inside wall of tiie counter bore. A 
tight friction fit may be formed witii tiie flaps of the pierced membrane caught between 
tiie stem and tiie wall of tiie counter bore. Witiidrawal of the stem from tiie female 
fitting may be prevented in part by friction. Forward edges of tiie membrane flaps may 
also engage tiie annular beveled ribs, preventing witiidrawal of tiie stem. 

In anotiier alternative for tiie axial restraint, tiie stem and tiie male fitting may 
be formed as telescoping pans, coaxially engaging in a friction fit. These components 
may have tapered or conic sections, for example. Additionally or alternatively, tiiese 
components may be formed witii a rabbeted stnicoire, e.g., a rib or lug may be formed 
on one component to engage in a mating recess formed in tiie otiier. 
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In the illustrated assembly of female and male connectors it may be desirable 
to ensure that accidental or incidental insertion of the stem through the membrane 
assemblies is prevented. Accordingly, the connector assembly can additionally be 
equipped with a mechanism initially preventing insertion of the stem. In one 
5 embodiment, this mechanism may be implemented by forming the proximate end of the 
stem with a relatively dull nipple rather than a head with a sharp tip. Additionally, the 
sealing and cover layers within a given membrane assembly could comprise different 
materials, e.g., materials which strongly resist being pierced by the stem. The nipple 
may also have a fonti which can penetrate one of the sealing or cover layers, but not the 
10 other. In another embodiment, this mechanism may comprise a cam structure. The 
connector housing the stem, e.g. the male fitting 230 in the illustrated embodiments, may 
have a slot formed in the sleeve and the stem may be formed with a lug which serves as 
a cam. The cam can prevent axial advance of the stem when it abuts the rim of the 
sleeve, but upon twisting the stem to align the cam with the slot in the sleeve the stem 
15 210 is freed from the locking action of the cam. The stem may then be inserted into the 
female connector, piercii^ the membrane assemblies. 

The connector assembly may be utilized in conjunction with various fluid 
delivery systems such as intravenous (TV) devices, which include flexible and/or rigid 
fluid containers. The connector assembly - fluid delivery system combination may be 
utilized to supply, for example, parenteral and biological fluids. As used herein, a 
5 parenteral fluid is a physiologically acceptable fluid, which is preferably sterile. 
Examples of parenteral fluids include saline solution, i.e., isotonic (about 0.9%) 
sterile saline solution, and an electrolyte solution, including for example, dextrose 
S% in water (D5W). Biological fluids, as used herein, are fluids originating from a 
living organism, for example, blood and blood components. 
10 An exemplary embodiment of a connector assembly - fluid delivery system 

combination is illustrated in Figure 14, where analogous components have the same 
reference numbers as the connector assembly of Figure 1. In Figure 14, the female 
connector 100 of the connector assembly is connected to a container 600 via mbing 
10. The tubing 10, as described previously, may be connected to the female 
IS connector 100 in any suitable manner, e.g., by utilizing solvents, bonding agents, 
hose clamps, ultrasonic welding, threaded connectors, or friction fitting. 
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Alternatively, the tubing 10 may be molded to the female connector 100 as an 
integral part thereof. The mbing 10 may be connected to the flexible container 600 
through a fitment which allows fluid communication between the mbing 10 and the 
container 600. The fitment may include a valve such as a transfer leg closure which 
5 controls fluid flow to or from the container 600. The female connector 100, the mbe 
10, and the container 600 may be constructed as a single, integral unit. 

The tubing 20 connected to the male connector 200 of the connector assembly 
may be connected to other components comprising the fluid delivery system (not 
illustrated). For example, the tubing 20 may be connected to a series of connector 
10 assembly - fluid delivery system combinations, to a syringe, or to a filtration system. 
In addition, although not illustrated the male connector 200 of the connector assembly 
may be connected to the container 600, i.e., the roles of the male and female 
connectors 200, 100 may be reversed. In such an embodiment, the male connector 
200, the mbe 20. and the container 300 may be constructed as a single, integral unit. 
15 The container 600 as well as the mbing 10, 20 which may be utilized in 

accordance witfi the connector assembly of the present invention may be constructed 
of any material compatible with parenteral and biological fluids. The composition of 
the container 600 and the tobing 10, 20 may vary with the nanire of the particular 
fluid utilized. A wide variety of suitable containers and tubes are already known in 
20 the art. Exemplary containers mclude, but are not limited to syringes, flexible bags, 
and rigid containers. The container 600 may be formed from various materials such 
as metallic materials, glass, and plastics, including polyvinyl chloride (PVC). The 
container 300 preferably comprises plasticized PVC for flexibility and strength. 
Typical mbes comprise flexible ptestics, such as plasticized PVC, for ease of use. It 
25 is intended that the invention should not be limited by the type or composition of the 
container and/or mbing being employed. 

The connector assembly illusttated in Figure 14 is similar to the connector 
assembly illustrated in Figure 1. Specifically, the male connector 200 comprises the 
stem 210 having a head 220 which may include a piercing member 220a, the fitting 
30 230, and the resUient mount 249. The female connector 100 comprises the fitting 
130 including a bore 142 for receiviAg the piercing inember. The connector 
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assembly illustrated in Figure 14, however, preferably comprises modified female 
and male membrane assemblies 400 and 500 as opposed to (he membrane assemblies 
170, 270 illustrated in Figures Sa and 5b. In the membrane assemblies 170, 270 
previously described, each membrane assembly may include at least two layers, the 
5 first layer defining a removable contamination contamment surface and the second 
layer defining a sealing surface. In the exemplary embodiment of Figure 14, only 
the female and male contamination containment layers 400 and 500 are sealed to the 
connectors 100, 200. Preferably, the female and male contamination containment 
layers 400 and 500 have the double fold configuration and each comprise pull tabs 

10 402, 502, intermediate surfaces 404, 504, contamination containment surfaces 406, 
506, and cover layers 408, 508. 

The female and male contamination containment layers 400 and 500 may 
comprise impermeable materials, such as glassine paper or impermeable polymeric 
films, or permeable materials, including papers such as Tyvek^ paper or porous 

15 polymeric films, which preclude the passage of bacterial contaminants. Permeable or 
porous materials offer the advantage, if desired, of allowing sterilizing gases, 
including ethylene oxide gas, to penetrate therethrough and spread to the interior of 
the female and male connectors 100, 200, thereby sterilizing thmi without having to 
remove the female and male contamination containment layers 400 and 500. Either 

20 permeable or impermeable materials are suitable for gamma or steam sterilization. 
Additionally, a bacteriostatic or bacteriocidal compound or layer (not illustrated) may 
be disposed on either or both contamination containment surfaces 406, 506. 

The female and male contamination containment layers 400 and 500 function 
in a similar manner as the membrane assemblies 170 and 270 illustrated in detail in 

25 Figures 5a and 5b. Basically, once the female connector 100 and the male connector 
200 are connected as previously described, the female and male contamination 
containment layers 400 and 500 are removed by pulling the tabs 402, 502 and the 
stem 210 is inserted into the bore 142. Because the female and male contamination 
containment layers 400 and 500 are removed, no piercing member is necessary on the 

30 head 220 of the stem 210, as illustrated in Figure 1, to puncture the sealing surfaces 
172a and 272a. However, the head 220 of the stem 210 preferably comprises a 
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shape which frictionally engages the walls of the bore 142 in the female connector 
100. Alternatively, the membrane assemblies 170 and 270 described in detail with 
respect to Figiires 5a and 5b may be utilized in the embodiment of Figure 14. In this 
case, a piercing member 220a would again be preferable. In addition, if sealing 
5 layers are utilized, the gas can penetrate the porous niaterial and sterilize the sealing 
surfaces without havmg to remove the contamination containment surfaces. 

An exemplary alternate embodiment of a connector assembly - fluid delivery 
system combination is illustrated in Figure 15, where analogous components have the 
same reference numbers as the components in Figure 14. Once again, the male 

10 connector 200 comprises the stem 210 having a head 220, the fitting 230, the resilient 
mount 249, and the male contamination containment layer 500. The female 
connector 100 comprises the fitting 130, including a bore 142, and the female 
contamination containment layer 400. In this embodiment, however, the female 
connector 100 may be connected directly to the container 600. For example, as 

15 illustrated, the female connector 100 may be fitted with a transfer leg closure 602. 
In contrast to the female connector 100 illustrated in Figure 1, wherein the tube 10 is 
connected to the fitting 130, the fitting 130 may be mounted direcUy to the fitment 
602 of the container 600. Preferably, the female connector 100 and the container 
600 may be constructed as a single integral unit. 

20 As described above, the tubing connected to the male connector 200 of the 

connector assembly may be connected to other components in the fluid delivery 
system. For example, the tubing 20 may be connected to a series of connector 
assembly-fluid delivery system combinations, to a syringe, or to a filtration system. 
In addition, although not illustrated, the male connector 200 of the connector 

25 assembly may be connected to the container 300. 

In the embodiment illustrated in Figure 15, the female and male contamination 
containment layers 400 and 500 are utilized in a similar manner as described with 
reference to Figure 14. Basically, once the female connector 100 and the male 
connector 200 are connected as previously described, the female and male 

30 contamination containment layers 400 and 500 are removed by pulling the tabs 402, 
502 and the stem 210 is inserted into the bore 142, Because the female and male 



27 



IVO 96/30076 



PCT/US96/04591 



contamination containment layers 400 and SOO are removed, piercing member is 
necessary on the head 220 of the stem 210, as illustrated in Figure 1, to puncture the 
sealing surfaces 172a and 272a. Alternatively, the membrane assemblies 170 and 270 
described in detail with respect to Figures Sa and 5b may be utilized in the 
S embodiment of Figure IS. In this case, a piercing member would again be 
necessary. 

Once the female and male connectors 100, 200 are interlocked, the female and 
male contamination containment layers 400, SOO removed, or the contamination 
containment surfaces of the membrane assemblies 170, 270 removed and the sealing 

10 surfaces punctured by the piercing member, the transfer leg closure is opened to 
initiate the fluid flow. 

Figure 16 illustrates an exemplary embodiment of a connector assembly - fluid 
delivery system combination wherein a modifled female connector 100 of the 
connector assembly is mounted directly to the wall of a container 300. Once again, 

IS analogous components have the same reference numbers as used in Figures 14 and 
IS. In this embodiment, the female connector 100 is different from the previously 
described female connectors 100. Essentially, in this embodiment, only the bracket 
148 of the female connector 100 is utilized. As m the previously described 
embodiments, the U-shaped bracket is defined by a flange ISO and one or more 

20 tongues 158. The flange 150 may have a generally disc-shaped configuration with an 
aperture 148a in the center. The tongues 158 extend away from the flange 150 in a 
direction away from the container 600. The tongues 158 can thus register in grooves 
248 (illustrated in Figure 3), formed in the flange 246 of the male connector 200. 
Accordingly, tongues 158 can be adapted to couple the female and male connectors 

25 100. 200 in a longue-in-groove engagement as in the previously described and 

illustrated embodiments. Alternative arrangements for the connection of the female 
and male connectors 100, 200 are also possible.and may include, for example, 
threaded connectors. In an alternate embodiment, the fining 130 of the female 
connector 100 may extend into the container 300. The male connector 200 as with 

30 previously described embodiments comprises the same basic components, i.e:, the 
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Stem 210 with a head 220. the fitting 230, the resilient mount 249 and the male 
contamination containment layer 500. 

The female connector 100 may be connected to the wall of the container 600 
by a vari^ of means. In the exemplary embodiment illustrated in Figure 16, the 
female connector 100 is connected to a major surfMe of the container 600. The area 
of the wall where the female connector 100 is connected may be reinfotced so that 
the female connector 100 will not tear away a portion of the wall. The reinforcement 
may be in the form of a grommet or any other suitable reinforcement means. The 
female connector 100 may be bonded or welded to the container 600 or may be 
formed integrally therewith. 

In the embodiment illustrated in Figure 16, the female and male contamination 
containment layers 400 and 500 are utilized in the same manner as described with 
reference to Figure 14. Alternatively, or additionally, the membrane assemblies 170 
and 270 described in detail with respect to Figures 5a and 5b may be utilized in place 
of the female and male comamination coniamment layers 400 and 500. Basically, 
once the fenuile connector 100 and the male connector 200 are interlocked as 
previously described, i.e., for example, via the tongue-in-groove arrangement, the 
female and male contamination containment layers 400 and 500 are removed by 
pullii^g the tabs 402, 502. The stem 210 is then moved from the male connector 200^ 
through the aperture 148a in the female connector 100, and through the wall of the 
container 600, the piercing member piercing the wall of the container 600, thereby 
forming a fluid path Oierethrough. The aperture 148a may be sized to seal against 
the head 220 of the steih 210 which is preferably tapered to provide an increasingly 
snug fit and seal at the walls of the bracket 148 defining the apemire 148a. 
Alternatively, the female connector 100 may comprise a sealing member such as an 
0-ring to provide a fluid tight seal between the head 220 and the aperture 148a. 

Although shown and described is what are believed to be the most practical 
and preferred embodiments, it is apparent that departures from specific methods and 
designs described and shown will suggest themselves to those skilled in the an and 
may be used without departing from the spirit and scope of the invention. The 
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present invention is not lestricted to the particular constructions described and 
illustrated, but should be constructed to cohere with all modifications that may fall 
within the scope of the appended claims. 
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Claims : 

1. A connector assembly comprising: 
a first fitting defining a first apertm:e; 

a second fitting coupled to the first fitting and defining a second aperture; 
5 a stem member mounted in the first fitting and including a head axially 

movable into the aperture of the second fitting; and 

a ratchet mechanism mounted to the stem to lock the head within the second 
aperture of the second fitting. 

2. The connector assembly according to claim 1, wherein the ratchet 

10 mechanism includes first and second ratchet structure spaced apart from one another 
and a section between the first and second ratchet structures having a lower resistance 
to movement of the stem than the first and second ratehet stnicmres. 

3. The connector assembly accordmg to claun 2, wherein the first and second 
ratchet structures each comprise at least one beveled annular rib formed on an 

15 external surface of the stem. 

4. The connector assembly according to claim 3, wherein the at least one 
beveled annular rib of each of the first and second ratchet strucnires projects fmm the 
external surface of the stem extending in a direction away from the second fitting and 
forming an acute angle with the external surface of the stem. 

^® 5. The connector assembly according to claim 4, wherein the second ratchet 

strucmre comprises a plurality of beveled annular ribs. 

6. The connector assembly according to claim 5, wherein the at least one 
beveled annular rib of the first ratchet structure has a greater bevel than the plurality 
of beveled annular ribs of the second ratchet structure. 
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7. The connector assembly according to claim 2, wherein the section between 
the first and second ratchet structures comprises a substantially smooth external 
surface of the stem. 

8. The connector assembly according to claim 7, wherein the furst fitting 
S further comprises a sleeve including a catch engageable with at least one of the 

beveled annular ribs of the furst and second ratchet structures to prevent retraction of 
the head from the aperture of the second fitting. 

9. The connector assembly according to claim 8, wherein the sleeve includes 
three catches equally spaced from one another. 

10 10. The connector assembly according to claim 8, wherein the catch extends 

radially inward from the inner periphery of the sleeve. 

11. A method for making a contaminant-free connection comprising: 
mating a fu^ fitting and a second fitting; 

establishing a fluid flowpath through the first and second fittings by advancing 
15 a stem having a head from the first fitting into the second fitting; and 

locking the head of the stem in the aperture of the second fitting by means of 
a ratchet mechanism. 

12. The method of claim 11 wherein advancing the stem includes moving the 
stem against a first resistance, a second resistance substantially less than the first 

20 resistance, and a third resistance substantially greater than the second resistance. 

13. The method for making a contaminant- free connector according to claim 
12, wherein moving the stem against a first resistance includes applying a first force 
to overcome an engagement of a catch and a beveled rib of a furst ratchet assembly of 
the ratchet mechanism. 
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14. The method for making a cohtaminant-free connector according to claim 

13, wherein moving the stem against a second resistance includes applying a second 
force to slide flie stem between a first ratchet structure and a second ratchet structure 
of the ratchet mechanism. 

5 15. The method for making a contaminant-free connector according to claim 

14, wherein moving the stem against a third resistance includes applying a third force 
to overcome an engagement of a catch and at least one beveled rib of a second 
ratchet assembly of the ratchet mechanism. 

16. The method for making a contaminant-free connection according to claim 
10 15, wherein applying a second force includes sliding the stem along a smooth walled 

stem between the first and second ratchet structures. 

17. A fluid delivery system comprising: 

(a) a connector assembly including a first fittmg defining a first aperture, a 
second fitting coupled to the first fittmg and defining a second aperture, a stem 

15 member mounted in the first fitting and including a head axially movable into the 
apemire of the second fitting, and a ratchet mechanism mounted to the stem to lock 
the head within the second aperture of the second fitting; and 

(b) a container for holding fluids coupled to one of the first and second 
fittings. 

20 18. A fluid delivery system comprising: 

(a) a connector assembly including a first fitting defining a first aperture, a 
second fitting defining a second aperture, and a resilient mount positioned between 
the first and second fittings and communicating with die first and second apertures, 
the resilient mount including a hub and a neck joined to the hub; and 

^5 (b) a container for holding fluids coupled to one of the first and second 

fittings. 
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19. A fluid delivery system comprising: 

(a) a first fltting defining a first apemire and including a first contamination 
containment layer; 

(b) a second fining coupled to the first fitting and defining a second aperture 
5 and including a second contamination containment layer; 

(c) a stem member mounted in the first fitting and including a head axially 
movable into the aperture of the second fitting; and 

(d) a container for holding fluids, the container and one of the first and 
second fittings comprising an integral configuration. 
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